The influence of various additives on poly(ether-urethane) UV stability is evaluated. The extent of the photo degradation has been studied by FTIR spectroscopy. The photo-stabilizer 2-hydroxy-benzophenone decreases the photooxidation on both hard and soft segment, whereas the effect of the phenolic antioxidant 2,6-di-t-butyl-4-hydroxytoluene is more significant on the soft segment. However, the effect of the nickel chelate, 2,2'-thiobis(4-t-octylphenolate)-nbutylamine of nickel, depends on the polyurethane nature.
Introduction
Polyurethanes degrade chemically during outdoor exposure due to the action of short wavelength UV radiation present in the solar spectrum. Aromatic polyurethanes rapidly degrade and undergo yellowing on exposure to UV light [1, 2] , whereas the more expensive aliphatic polyurethanes show better photo resistance.
Commercial polyurethanes are block copolymers, which consist of polyol sequences (soft segment) and urethane sequences (hard segment). The photochemical evolution of the hard segments based on 4,4'methylene bis(phenyl isocyanate) (MDI) involves a dual mechanism. One is the photo-Fries type reaction [3] and the other is an induced oxidation of the central methylene group of MDI [4, 5, 6] . The latter reaction does not occur in toluene diisocyanate based hard segments due to the absence of methylene groups. Furthermore, the radical species formed by the oxidation of soft segments can induce the oxidation of the MDI urethane segments [7, 8] .
The effect of polyol molecular weight and the concentration of urethane in the stability of commercial polyurethanes have been extensively studied. According to different authors [9, 10, 11, 12] , the photodegradation is more prevalent in elastomers with lower hard segment concentration and with higher soft segment molecular weight. In addition, the process is accelerated above the glass transition temperature indicating the role of chain flexibility and/or oxygen diffusion in the decomposition process [13, 14] .
To enhance the durability of aromatic polyurethanes, stabilizer additives such as ultraviolet light absorbers and/or antioxidants or combinations of them are added to the coating formulations. In literature several papers discuss the effectiveness of different commercial additives in the stabilization of aromatic [15] and aliphatic polyurethanes [16] . Nevertheless, the majority of the studies are centred in MDI based formulations and the effectiveness of the stabilizers in TDI based formulations is not clearly established. Therefore, the purpose of this work is to determine the effect of three different stabilizers: 2-hydroxy-benzophenone, 2,6-di-t-butyl-4-hydroxytoluene, and 2,2'-thiobis(4-t-octylphenolate)-n-butylamine of nickel on the photo resistance of polyurethanes based on MDI and TDI as hard segment and poly (propylene oxide) as soft segment.
Results and discussion

Polyurethanes stabilized with 2-hydroxy-benzophenone
There is a growing class of compounds called UV absorbers, sometimes referred to as UV light stabilizers. These compounds act as interceptors to ultraviolet light, absorbing it and preventing the polymer degradation. The derivatives of 2-hydroxybenzophenone are effective UV absorbers [17, 18] . In this work, 2-hydroxybenzophenone has been used as a model UV absorber.
In polyurethane stabilization, according to the proposed mechanism of direct absorption by aromatic chromophores and subsequent photo-Fries rearrangement, the 2-hydroxy-benzophenone should have the major influence on the hard segment photodegradation. However, in polyurethanes based on MDI, the photodegradation process can also occur from the induced oxidation of the central methylene. Figure 1 shows the infrared spectra obtained before and after exposure in the weathering device of a sample containing 2HB. The main infrared characteristic frequencies of aromatic polyurethanes are described in Table 1 [19] . In order to perform a detailed analysis, the modifications of the infrared spectra can be separated into those concerning the polyether component and those of the urethane groups. In the urethane characteristic bands, a decrease of the intensity Amide II band (1533 cm -1 ), and a broadening in the N-H stretching vibration region are clearly observed. These results are similar to those obtained in a previous work [12] for MDI based non segmented polyurethanes and support the photodegradation mechanism proposed in literature. Moreover, it can be concluded that the addition of 2-hydroxybenzophenone does not affect the degradation mechanism. In the ether segments, a reduction of the intensity of the band at 1100 cm -1 ( C-O-C ) can be observed, which strongly suggests the rupture of the ether linkage as a result of the exposure to the UV radiation. This behaviour is consistent with the photooxidation mechanism of PPG proposed in literature [20, 21, 22] .
Tab. 1. Infrared frequencies of aromatic poly(ether urethanes
In order to quantify these changes, we have calculated the area of the Amide II band at different exposure times and these values have been normalized to the value of the corresponding area of the non exposed samples. The results of this calculation for PPG 2000, MDI and TDI based samples are shown in Fig. 2 Both samples based on MDI and TDI show that the degradation extension is higher for those samples that do not contain 2-hydroxy-benzophenone in their composition. Furthermore, the stabilized samples have a lower degradation rate at short times, which can be related to an induction period. For the sample TPG2.64, we cannot observe the effect of the stabilizer because the sample does not show signs of degradation. Similar results have been obtained for samples based on the lower molecular weight PPG.
Polyurethanes stabilized with 2,6-di-t-butyl-4-hydroxytoluene (BHT)
The compound 2,6-di-t-butyl-4-hydroxytoluene (BHT) is a primary antioxidant that reacts rapidly with radicals (R·, RO·, ROO·), generated in the initiation step, breaking the oxidation cycle. The radicals are stabilized by the abstraction of a hydroxyl proton from the phenol, and generating a new stable phenoxy radical as shown in Scheme 1.
According to the mechanism shown in Scheme 1, the addition of BHT can reduce the oxidation process of both hard and soft segments.
The evolution of the absorbance of the Amide II and ether C-O-C stretching vibrations with the exposure time for PPG2000 and MDI based samples, stabilized with BHT, are shown in Fig. 4 and 5 respectively. From the comparison of both representations we can point out that BHT does not have any effect on the Amide II band. However, a slight stabilization is observed in the ether band, at high hard segment concentration. The same results were observed in polyurethanes based on low molecular weight PPG and TDI. These results agree with others found in literature [2] .
Polyurethanes stabilized with nickel chelate
Chelates are a sort of stabilizers whose performance mechanism is not well established as they can act as antioxidants, photostabilizers and photoinitiators of photooxidation processes [23, 24] . The effectiveness of nickel dibutyldithiocarbamate as quencher in polyurethanes has been reported in literature [2] . 2,2'-Thiobis(4-t-octylphenolate)-n-butylamine of nickel (QNi) was added to the synthesized polyurethanes and the obtained samples were exposed in the accelerated weathering device. Figures 6 and 7 show the results of the reduction of the Amide II band absorbance with the exposure time for samples based on MDI and TDI respectively.
As can be seen, the reduction of the Amide II band absorbance is higher for MDI based samples containing QNi, compared with their homologues without additive. Therefore, we can conclude that QNi additives increase the susceptibility of MDI based polyurethanes towards photooxidation. On the contrary, the addition of the chelate stabilizes TDI based samples.
Although, the reason for this behavior is not clear, it must be pointed out that according to literature, nickel chelates act as photosensibilizers in the polypropylene photolysis reaction whereas in the photooxidation process they are effective stabilizers. As mentioned before, polyurethanes photodegradation involves photolysis and induced oxidation process. So that, depending on the ratio of both degradation processes the chelate may behave as either a photoinitiator or a photostabilizer.
Unfortunately, the results of this work do not allow us to determine the ratio of both degradation processes in MDI based polyurethanes, so it is not possible to clarify why the QNi acts as photoinitiator in MDI based polyurethanes while stabilizing the TDI based ones.
Conclusions
The effectiveness of three different stabilizers (photo stabilizer, antioxidant and nickel chelate) has been tested on segmented polyurethanes. Only the specimens containing 2-hydroxy-benzophenone show a lower degradation rate, whereas the antioxidant has only a small effect on the soft segment. However, the chelate behaves as photoinitiator in MDI based polyurethanes and as photostabilizer in TDI based ones. 2-Hydroxybenzophenone (2HB) (Aldrich), 2,6-di-t-butyl-4-hydroxytoluene (BHT) (Aldrich) and 2,2'-thiobis(4-t-octylphenolate)-n-butylamine of nickel (QNi) (Aldrich) were used as received.
Experimental part
Polymerization
Segmented polyurethanes were synthesised by a catalysed prepolymer technique in DMF solution [12, 25] . 
Irradiation and analysis
An accelerated weathering device equipped with a xenon arc light source and a borosilicate cutting-off filter at 300 nm was used. The average temperature measured in a black panel thermometer was 45 ºC over the sample.
Polymer samples for infrared study were prepared by casting films on KBr windows. After most of the solvent had evaporated the samples were carefully dried under vacuum at 50 ºC for 72 hours to completely remove residual solvent. The films presented an absorbance in the analysed region (amide II and C-O-C bands) lower than one, where Lambert-Beer law is obeyed.
Polymer samples were exposed during 300 h and analysed spectroscopically at different time intervals.
Infrared measurements were recorded on a Nicolet spectrometer; model Magna 560 at a resolution of 2 cm -1
. A minimum of 64 scans was signal averaged.
1H NMR spectra were obtained in a FT Bruker 300 MHz spectrometer (model Advance 300 DPX) using deuterated DMSO as solvent.
